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ARSTJIACT 

Tha  vndochronic  deqradatioa  a t  AOS  daalcaa  ariilnf  froa  tha  global  raaponaa  of  tha 
davica  paraaatara  collectively  deteriorating  oodar  tha  rapatltiva  Influanca  of  alactrlcal 
oviritraiiaa  (at  subca t a < t rophic  levels I  such  aa  a  lac t root  at lc  discharge  USD)  , 
a l «c t r oaagne 1 1 c  pulsing  ( CMP  1 ,  ate..  Is  quantified  In  taras  of  noise  characteristics. 
Life-tiae  studies  depicting  tha  degradation  of  a  teat  davica  are  presented.  Coaputed  and 
eipennental  data  are  furnished. 


INTRODUCTION 

Studies  on  gate-oxide  degradation  of 
electrically  overstressed  HUS  devices  subjected 
to  ESO/EHP  envlronaents  are  useful  to  establisb 
design-reviews  required  to  achieve  reduced  device 
instabilities  and  laproved  pet  I or nance 
reliability. 

The  effect  of  electrical-overstressing  of  • 
gate-oxides  prlaarlly  causes  charge- trapping  in  i 
the  oxide-region  together  with  the  corresponding 

changes  in  the  Interface  states.1  In  general) 
Intensity,  polarity  and  the  rate  of  occurence  of 
overstressing  voltages  would  deteralne  the  oxtaat 

2 

of  daaage  to  the  insulator  integrity.  Ihilo  ; 
high-level  xapa  would  cause  oxide  puoctsre(s) 
with  catastrophic  (irreversible)  daaages, 
subcatastrophlc  transients  occurlng  repeatedly 
aay  cause  a  cuaulatlve  growth  of  device 
degradation  and  the  tine-dependent  or  endochronic 
daaage  of  the  device  vould  be  reflected  ia 

measurable  paraaeters,  such  as  trans  onductasce 
(*,).  threshold  voltage  (vt)i  etc.  Inasauch  as 

all  the  degrading  device  paraaeters  are 
interdependent)  the  cohesive  daaage  of  the  device 
should  be  assessed  by  »n  appropriate 
characteristic  function  which  collectively 
represents  the  net  physical  daaage  doe  to 
overstressings.  It  is  presently  deoonatreted 
that  noise  characteristics  can  depict  the  global 
representation  -  of  the  stochastical  variations  ia 
charge- t rapping  and  interface  generation  onder 
external  overstressings;  and  noiss  neasureaeot* 
of  degraded  devices  can  therefore  be  useful  for 
accelerated  test  procedures  adopted  in  life-tiae 
modeling  strategies. 

tueoretical  considerations 

The  ESD  phenoaena  noraally  encountered  can 
be  siaulated  by  three  vell-establlehed  aodela, 

naeely,*  (a)  huaan-body  aodel,  (b) 
device  aodel,  and  («)  field-induced  aodel.  Tb# 
huaan-body  aodel  (fig.  1)  depicts  tbo  translor  ol 


italic  (roa  a  cha  rged  individual  to  ground  via 
tha  tost  device. 


Charged-device  aodel  representa  tha  bleed- 
off  of  occuaulated  charge  upon  the  devlce-turfece 
to  ground  through  tha  pin  and  conductive  perta  of 
tho  octivo  davica  (Fig.  2).  The  third  aodel 
■laolatea  the  effect  of  tho  charge  distribution 
and  discharge  whan  a  davica  is  exposed  to  a 
static-electric  field  (Fig.  3). 
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experimental  results  due  to  Abovitx,  cl 
si  (Mg.  A).  Hence  the  t 1 ae-dependent  history  of 
as  controlled  by  any  asternal  overstressings 

can  be  tracked  via  the  assessment  of 

The  field-effect  mobility  is  also  dependent 

i  8 

on  Ng  and  is  therefore  linked  *  vith  the  device 
parameters  and  V^.  Explicitly, 


I*  1  g  1 

r  •  ; — —  ■  - —  ■  i 
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rut  <xa«cco-ocvki  mooc. 


Bert  ■  and  p  ire  constants  and  g>o  refers  to  the 

value  of  (a  under  unstressed  conditions. 

Further,  V.  Is  the  applied  gale  potential, 

u 


tit)  Fit  to-  eiCUCED  UOCCL 


When  a  HOS  device  ie  tubjected  to  «a 
electrical  overetreseinc  at  the  (ate  due  to  aa 
lapulslve  transient  cauaad  by  an  ISO  (or  an  MT), 
the  corresponding  Induction  of  charge-trapping 
and  generation  of  interface  states  can  be 
equivalently  represented  by  an  input  noise 

teslstence  given  by^ 


Froa  £q.  (1)  and  (2),  the  following  relation 
can  be  obtained! 


^  12  ’  ct* 


The  constant  P  has  the  approxiaate  values  of 
0.1 38  and  0.308  for  the  n-channel  and  p-channel 

MOSFETs,  respectively.* 
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FlGi  SURFACE  S1AIE  DEN9TT  VERSUS 
NOISE  RESISTANCE.  HOS  DEVICE 
IREF  T> 


where  It  la  'the  Boltxaann  constant,  T  la  tbt 
teaperature  ('300  K)  and  q  lt  the  electronic 

charge.  Further,  t  _  and  t  are  tht  thickness 
OX  OX 

and  the  peraittivlty  of  the  gete-oside, 
respectively)  ie  the  eurfece-stete  density  and 

refers  to  the  field-effect  eoblllty  to  low 

f ield-aoblllty  ratio. 

Eq.  (1)  indicates  that  ftg  ie  directly 
proportional  to  Nj  concurriog  with  tht 


KXFDUXENTAJL  STUDltS 

A  typical  n-channel  (enhanceeent  aode) 
XOSFET  vet  subjected  to  subcates' tophlc  raps  at 
its  gate-input  using  a  buaan-body  ESD  simulator 
(Fig.  1).  Variations  of  ga  and  Vf  were  aeajured 

at  the  functions  of  the  nuaber  of  sap*. 
Fig.  5  illustrates  the  relewant  results. 
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FIGS  VARIATION  or  V1  WITH  RESPECT 
TO  WX6ER  or  ZAPS 


no  7  DEGRADATION  VERSUS  TIME  UNDER 
TWO  DISTINCT  STRESS  LEVELS 


no  i  si  rAKAMrrn  vesus  aclnc  ' 

Usln(  the  results  presented  la  Mg.  S,  the 
fractional  change  In  1^  as  a  function  of  the 

nuaher  of  saps  (Z)  can  be  calculated  via  Eq.  (1). 
Thus  Fig.  t  depicts  the  relevant  coaputed  data 
Showing  that  the  rate  of  variation  of  1^  Is 

appraxinately  twice  as  that  of  g^.  Further, 

Is  linearly  proportional  to  Z  confirming 

the  observations  of  Abovltx,  at  nl.7  Bence,  the 
present  study  Indicates  the  plsuslblllty  of 
assessing  the  EOS-based  degradation  via  noise 
characterisation. 
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FBI  INCREASE  St  NOS  RESISTANCE  SRTH  NUMBER  or  ZAPS 


AGINC  MODEL 

Cueulatlve  build-up  of  degradation  with  the 
recurrence  of  saps  aeounts  to  a  dornant  stage  of 
failure  during  which  the  device  would  exhibit  a 
perforaancc  degradation  leading  to  out-of-spec 
condltlon(a).  This  device-aging  can  be  assessed 
by  eeasurlng  the  tine  variation  of  a 
nondestructive  property  (p)  such  as  a  noise 
Parameter  as  indicated  In  the  present  analysis. 
Suppose  two  tine-variation  curves  are  obtained 
corresponding  to  two  distinct  (subcatsstrophle) 
stress-levels.  The  functional  fora  of  p  will  be 
Independent  of  the  stress  aagnitwde  and  the  two 
curves  will  have  the  sane  shape,  but  different 
length  (along  the  tine  axis)  as  shown  la  Pig.  7. 
The  tlees  corresponding  to  saae  (extent  of)  aging 
under  two  distinct  stress  levels  can  be  denoted 
as  tj  and  tj  (Pig.  7)  and  are  known  as 

•equivalent  tlees. •*  ly  the  application  of 
•equivalent  aging  principle,’  It  is  possible  to 
relate  the  equivalent  lines  In  teres  of  their 
corresponding  stress  levels,  naeely,  and  Vj. 

It  is  given  by9 

Vj  tj  *  tj  •  Kj  (Constant)  (4) 

where  n  Is  the  endurance  coefficient.  Iq.  4  can 
also  be  written  in  terns  of  the  average  nuabers 
of  xaps  Zj  and  Zj  occurred  during  the  period  tj 

and  tj,  respectively.  That  Is, 

*1  *1  ”  *2  *2  *  S  (Constant)  (5) 


Thus,  f roe  |q.  4  or  3,  for  a  given  severity 
level,  the  corresponding  value  of  fsilure-tlae 
(or  average  number  saps  during  tbs  period  of 
failure-time)  can  be  assessed  by  determining  the 
values  of  a  sad  Z. 


Further,  the  device  reliability  relevant  to 
the  endochronlc  degradation  can  be  aodeled  by 
assualng  that  degradation  rate  la  proportional  to 

the  exlatlng  degradation.^  The  proportionality 
constant  la  a  positively  distributed  randoa 
variable  and  the  extent  of  degradation  vould  tend 
to  be  asyaptot lcally  log-noraal.  Bence  the 
general  fora  of  life  distribution  1  (nuaber  of 
raps)  Is  given  by 

InfpJ-V1 

C<Z.Pt)  -  !-♦  I  - — —  |  (8) 


vhcx«  ♦  is  the  standard  normal  distribution  and 

Pc  -  r  -  rc*  Ber«  r  •  and  the  suffix  c 

depicts  the  critical  value  of  r.  Further  In  (p{) 

has  a  mean  value  of  and  a  standard  deviation  of 

«•  This  log-noraal  aspect  of  llfe-tlae 

statistics  as  applied  to  endocronlc  degradation 
has  been  verified  by  the  authors  (with  the  NOS 
Input  leakage  current  as  the  control  paraaetcr, 

p)  and  the  results  are  presented  elsevhere.^ 
CONCLUSIONS 

Froa  the  results  presented  here,  the 
following  conclusions  can  be  lnferredi 

1.  Noise  paraaetcr  changes  In  a  MOS 
device  subjected  to  electrical  overstresainga 
represent  the  global,  tlae-dependeot 
degradation. 

2.  Such  noise  paraaetcr  variation  expressed  In 

terns  of  the  fractional  change  la  the  noise 
resistance  1*  explicitly  related  to  two 

aajor  NOS-devlce  paraaeters,  naaely,  g^  and 
V,  (Etj-  3). 

3.  The  rate  of  change  of  R^  with  respect  to  the 
nuaber  of  saps  Is  approxlaately  linear. 


*•  Further,  this  rate  of  change  of  la 

approxlaately  twice  the  corresponding  change 
in  gB. 

3.  Using  hhg/Rg  •*  •  control  paraaetcr  (p),  the 

principle  of  equivalent  aging  can  be  applied 
to  NOS  degradation  for  accelerated  aging 
studies. 

6.  The  degradation  process  can  be  aodeled  with 
log-noraal  distribution  for  relevant  lifeline 
statistical  analysis. 


ACTNOVLEDCLKENT 

This  work  was  supported  by  a  grant  froa  the 
Office  of  Naval  Resesich  (No.  813-005)  which  is 
gratefully  acknowledged. 

RRRERF.NCRS 

1.  C.S.  Jenq,  et  al,  "High  Field  Generation  of 
Electron  Traps  and  Charge-Trapping  in 
Ultra  thin  SlOj,*  1EDM,  1981,  pp.  388-391. 

2.  C.C.  Soloes,  *An  Investigation  Into  the 
Effects  of  Low  Voltage  ESD  Transients  on 
NOSFETs,*  Proc.  Electrical  Overstress/ 
Electrostatic  Discharge  Syap.,  1985,  Vol. 
EOS-8,  pp.  170-17A. 

3.  F.C.  Bsu  and  S.  Tan,  "Relationship  Between 
HOSFET  Degradation  and  Hot-Electron-Induced 
Interface  Generation,*  IEEE  Electron  Device 
Letters,  1984,  Vol.  EDL-5,  pp.  30-32. 

4.  a.  Byatt,  et  al,  *4  Closer  Look  at  the  Hunan 
ESD  Event,*  Froe.  Electrical  Overstress/ 
Electrostatic  Discharge  Syap.,  1981, 
Vol.  EOS-1,  pp.  1-8. 

3.  F.B.  Bossard,  et  al,  *ESD  Daaage  froa 
Triboelectrlcaily  Charged  IC  Fins,"  Froe. 
Electrical  Overstress/Electrostatic 

Discharge  Syap.,  1980,  Vol.  EOS-2,  pp.  17- 


*•  E.4.  Leventhal,  'Deviation  of  1/f  Noise  In 

Silicon  Inversion  Layers  froa  Carrier  Notion 
in  a  Surface  Band,*  Solid-State  Electronlca, 
1988,  Vol.  11,  pp.  821-827. 

7.  C.  Abovitt,  at  al,  'Surface  Stataa  and  1/f 
Noiae  la  NOS  Translator!, ■  IEEE  Trans. 
Electron  Devices,  1987,  Vol.  Ed-14,  pp.  775- 
777. 

8.  L.4.  Akers,  et  al,  ’Transconductance 

Depredation  In  VLSI  Devices,*  Solid  State 
Electronics,  1985,  Vol.  78,  pp.  605-609. 

9.  L.  Slaoni  and  C.  Pat t Ini,  *A  Nev  Research 
Into  the  Voltaga  Endurance  of  Solid 
Dlelectronlca , *  IEEE  Trans.  Elac. 
Insulation,  1975,  Vol.  BI-10,  pp.  17-27. 

10.  C.C.  Tu,  'Degradation  Model  for  Device 

Reliability,*  Froe.  Reliability  Fhya.  Syap., 
1980,  pp.  32-5*.  A 

11.  F.S.  Neelakantasvaay,  at  al,  'Susceptibility 
of  On-Chip  Protection  Circuits  to  Latent 
Failures  Caused  by  Electrostatic  Discharge,* 
Solid  State  E.ectronlcs.  (In  pros) 


Conference  Record  of  1986  IEEE  Interne tiooel  Syaposiua  on  Electrical  Ineuletlon,  Washington,  DC,  June  9-11,  1986 
GATE- INSULATOR  DEGRADATION  IN  HOS-DEVICES  DUE  TO  ELECTRICAL  OVERSTRESSINGS: 


CHARACTERIZATION  VIA  NOISE  PERFORMANCE  STUDIES 


Perasbur  S.  Neelakantasvaay 
RIT  Research  Corporation 
75  Blghpover  Road 
Rochester,  NT  1*623-3*35 
(716)  *75-2308 

Ibrahia  R.  Turkmen 

Department  of  Electrical  Engineering 
Rochester  Institute  of  Technology 
1  Lonb  Memorial  Drive 
Rochester,  NT  1*623 
(716)  *75-2397 


ABSTRACT  -  Design-reviews  required  to  achieve 
iaprove3  performance  reliability  varrant  the 
assessaent  of  gate-insulator  degradation  in  aetal- 
oxlde  semiconductors  (HOS)  subjected  to  electrical 
'overstressing  “ (EOS)  environaents  involving 
electrostatic  discharges  (ESD)  and/or 
electromagnetic  pulsing  (EHP).  The  collective 
response  of  all  the  degrading  paraaeters  of  the 
stressed  devices  can  be  cohesively  studied  via  noise 
performance  characteristics,  as  indicated  in  the 
present  analysis.  The  global  Influence  of 
overstressing  quantified  in  terms  of  degrading  noise 
paraaeters  is  useful  in  life-tine  prediction 
efforts.  Relevant  test  calculations  and 
experimental  data  are  presented. 

INTRODUCTION 

Assessment  of  gate-insulator  degradation  in 
netal-oxlde  semiconductor  (HOS)  devices  caused  by 
electrical  overstresses  (BOS),  such  as  electrostatic 
discharge  (BSD),  electromagnetic  pulsing  (BMP), 
etc. ,  is  essential  for  necessary  design-revievs 
required  to  achieve  reduced  device-instabilities  and 
iaproved  performance  reliability. 

The  primary  effect  of  electrical  overstressing 
is  to  cause  a  charge- trapping  phenoaenon  in  the 
gate-orlde  fila  (1).  The  extent  of  gate-oxide 
degradation  arising  from  electrical  overstressing 

would  depend  on  the  cumulative  magnitude  of  charge¬ 
trapping  and  the  corresponding  changes  in  the 
interface-states;  and  hence,  it  is  directly 
dependent  on  the  intensity  and  rate  of  occurrence  of 
electrical  overstressings. 

In  the  existing  studies  (1,2)  on  gate-oxide 
degradation,  the  parameters  noraally  considered  to 
characterize  the  influence  of  overstressing  and  the 
resulting  charge-trapping/surface-state  effects  are 
{ 3 1 ,  (a)  device  transconductancc,  g^;  (b)  gate- 

current  due  to  pumped-in  charges,  I  ;  (c)  gate- 

•  J 

oxide  capacitance,  C  ;  and  (d)  threshold  voltage, 
ox 

V{.  Inasmuch  as  the  aforesaid  paraaeters  are 

largely  Interdependent,  the  estimation  of  one  of 
these  paraaeters  (to  depict  the  degradation)  as  a 
function  of  overstressing  does  not  explicitly 
account  for  the  deviatory  characteristics  of  the 
raat  of  the  paraaeters. 

Hence,  it  is  purported  in  the  present 
investigations  to  develop  s  new  and  cohesive 
formulation  in  terms  of  noise  performance  of  tbe  NOS 
device  to  characterise  the  overall  degradation  due 
to  overstresslng.  Tbe  noise  characteristics  of  a 
NOS  device  would,  la  general,  depict  the  collective 
response  of  all  the  degrading  parameters.  This  Is 
because  the  net  effects  of  charge-trapping  and  tbe 


associated  occupation  of  surface  states  can  be 
viewed  as  randoa/fluctuating  phenomena  which 
manifest  as  the  device-noise  with  a  typical  1/f  type 
pover-spectrua.  That  is,  noise  characterization 
vould  present  the  global  influence  of  overstressing 
unlike  the  other  parameters  (specified  earlier) 
which  would  rather  represent  the  partial  effects 
only. 

In  the  present  studies,  an  analytical 
formulation  relating  the  charge-trapping  and  the 
electrical  overstresslng  is  derived  in  terms  of  an 
equivalent  noise  resistance.  Heasured  data  acquired 
froa  a  typical  HOS  Integrated  circuit  subjected  to 
electrical  overstressings  are  presented. 

AHALTSIS 

The  ESD  phenoaena  normally  encountered  can  be 
siaulated  by  three  well-known  models,  naaely,  (a) 
human-body  nodal  (*],  (b)  charged -dev ice  aodel  (5), 
and  (c)  field-induced  aodel  16) .  The  huaan-body 
aodel  (Fig.  1)  depicts  the  transfer  of  static  froa  a 
charged  individual  to  ground  via  the  test  device. 
Charged  device  model  represents  the  bleed-off  of 
accumulated  charge  upon  the  device-surface  to  ground 
through  the  pin(s)  and  conductive  parts  of  the 
active  device  (Fig.  2).  The  third  aodel  simulates 
the  effect  of  the  charge  distribution  and  discharge 
when  a  device  is  exposed  to  static  electric  field 
(Fig.  3). 


FIG  1  :  HUMAN  -  BODY  MODEL 


CH2196-*/86/0000-327  $1.00  o  1986  IEEE 


fin'd  Tfn  id. rtm  »*L 


F'O  2  PIELX  •  'NCl'CE:  mCCEL 


permittivity  of  the  gate-oxide,  respectively;  N(  is 
the  surface-state  density  andps  /p.o  refers  to  the 
field-effect  nobility  to  low-field  nobility-ratio. 

Eqn.  (1)  indicates  that  R^  is  directly 
proportional  to  concurring  with  the  experinental 

results  due  to  Abovitz,  et  a]  |7),  (Fig.  4).  Hence 
the  endochronic  history  of  Ng  as  dictated  by 

external  overstressings  can  be  tracked  via  noise 
paraneter  neasureaents. 


FI64  SURFACE  STATE  DENSITY  VERSUS 
NOISE  RESISTANCE:  MOS  DEVICE 
(REF.  7) 


The  field-effect  nobility  la  itaelf  dependent 
on  Ha  as  veil  as  on  the  other  device  paraneter*, 

naaely,  the  transconductance  (gB)  and  the  threshold 
voltage  (V{).  Explicitly,  by  using  the  results  of 
Hsu  and  Tan  (3)  and  Akers,  et  al  (8],  one  obtains 

M  s  1  1 

N‘  ^s  1  ♦  «yv  (2) 


When  a  HOS  device  is  subjected  to  electrical 
overstressings  at  the  gate  due  to  inpulsive 
transients  caused  by  electrostatic  discharges  (ESD), 
the  corresponding  induction  of  charge-trapping  and 


generation  of  interface-states  can  be  specified  in 
terns  of  the  stochastical  aspects  of  charge- 
accunulation  represented  by  the  device  noise 
characteristics.  Than  is,  under  identical  puaped-in 
current  by  repetitive  transients,  Leventhal  |6)  has 
shown  that  the  resulting  input  noise  resistance  R^ 

is  given  by 


qt. 


?.  H  V 

t\  ,  s' a. 


ox  pc 


(1) 


where  k  is  the  Boltsnan  constant,  T  is  the 
tenperature  (-  300  K)  and  q  is  the  electronic 
charge.  Further,  t  and  t _  arc  the  thickness  and 

OX  ox 


vhere  a  and  0  are  constants  and  g^  refers  to  g^ 

under  unstressed  conditions.  Further,  V  is  the 

g 

applied  gate  potentials. 

Coabinlng  Eqs.  (1)  and  (2),  the  following 
relation  is  obtained  for  the  fractional  values  of 

V  vt  «n<i  «„• 


-]  (3) 
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EXPERT KENT  AL  STUDIES 

A  typical  n- channel  (enhanceeent  node)  HOSFET 
was  subjected  to  subcatastrophlc  saps  at  it*  gate- 
input  using  a  human-body  simulator  (Fig.  1). 
Variations  of  g>  and  V(  aaasurad  as  tha  functions  of 

the  number  of  taps.  Fig.  5  illustratas  the  relevant 
results. 
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F1G.S  VARIATION  OF  9ml  V,  WITH  RESPECT 
TO  NUMBER  OF  ZAPS 


NOISE  PARAMETER  i  AGING  MODEL 

The  fractional  change  in  as  a  function  of 

th«  number  of  zaps  can  be  calculated  using  Eqn.  (3) 
and  the  measured  data  of  Fig.  3.  The  corresponding 
results  are  presented  in  Pig.  6. 
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FIG  6  INCREASE  IN  NOISE  RESISTANCE  WITH  NUMBER  OF  ZAP'S 


Prom  the  data  presented  in  Fig.  6,  it  can  be 
ascertained  that  iR^/Rjj  is  linearly  proportional  to 

Z  (number  of  zaps),  closely  agreeing  with  the 
observations  by  Abovitz,  et  al  | 7 | .  Further,  the 
rate  of  change  of  Rjj  is  approximately  twice  as  that 

of  g^.  That  is,  the  degradation  can  be  more 

accurately  assessed  in  terms  of  noise  parameter 
measurements  than  by  g^  determination. 

Cumulative  build-up  of  degradation  vith  the 
recurrence  of  zaps  amounts  to  a  dormant  stage  of 
failura  during  which  the  device  would  exhibit  a 
performance  degradation  leading  to  out-of-spec 
condi tlon(s).  This  device-aging  can  be  assessed  by 
measuring  the  time  variation  of  a  nondestructive 
property  (p)  such  as  a  noise  parameter  as  indicated 
la  the  present  analysis.  Suppose  two  time- variation 
curves  are  obtained  corresponding  to  two  distinct 
(aubcatastrophlc)  stress-levels.  The  functional 


fora  of  p  will  be  Independent  of  the  stress 
magnitude  and  the  two  curves  will  have  the  same 
shape,  but  different  length  (along  the  time  axis)  as 
shovn  in  Fig.  7.  The  times  corresponding  to  same 
(extent  of)  aging  under  two  distinct  stress  levels 
can  be  denoted  as  tj  and  tj  (Fig.  7)  and  are  known 

as  "equivalent  tines"  |9).  By  the  application  of 
"equivalent  aging  principle."  it  is  possible  to 
relate  the  equivalent  times  In  terns  of  their 
corresponding  stress  levels,  namely,  and  V^.  It 

is  given  by  (9) 

*1  -  *5  *2  ’  *1  (Constant)  (4) 

where  n  is  the  endurance  coefficient.  Eqn.  4  can 
also  be  written  in  terms  of  the  average  numbers  of 
zaps  Z^  and  Zj  occurred  during  the  period  t^  and  t^, 

respectively.  That  is, 

vj  Z^  •  Zj  -  Kj  (Constant)  (5) 


Thus,  from  Eqn.  4  or  5,  for  a  given  severity  level, 
the  corresponding  value  of  failure-time  (or  average 
number  zaps  during  the  period  of  failure-time)  can 
be  assessed  by  determining  the  values  of  n,  and 

*2" 


fig.t  degradat;;n  versus  tihe  uicee 


two  DISTRICT  STRESS  LEVELS 


Further,  the  device  reliability  relevant  to  the 
endochronlc  degradation  can  be  modeled  by  assuming 
that  degradation  rate  is  proportional  to  the 
existing  degradation  (10).  The  proportionality 
constant  is  a  positively  distributed  random  variable 
and  the  extent  of  degradation  would  tend  to  be 
asymptotically  log-normal.  Bence  the  general  form 
of  life  distribution  Z  (number  of  zaps)  is  given  by 

ln(p  )-fl 

C(Z,pc)  -  !-♦  ( - f — ]  (6) 


where  9  is  the  standard  normal  distribution  and  p(  • 
r  -  rfi.  Bare  r  •  dtg/tg  and  tha  suffix  c  depicts 
the  critical  value  of  r.  Further  la  (pe)  has  a  mesa 

value  of  p  and  a  standard  deviation  of  e.  This  log¬ 
normal  aspect  of  life-time  statistics  as  applied  to 


endocronic  degradation  has  bean  verified  by  the 
authors  (with  the  HOS  input  leakage  current  as  the 
control  paraaeter,  p)  and  the  results  are  presented 
elsewhere  |11J. 

CONCLUSIONS 

Froa  the  results  presented  here,  the  following 
conclusions  can  be  inferred: 

1.  Noise  paraaeter  changes  in  a  HOS  device 

subjected  to  electrical  overstressings  represent 
the  global,  tiae-dependent  degradation. 

2.  Such  noise  paraaeter  variation  expressed  in 
teras  of  the  fractional  change  in  the  noise 
resistance  (R^) ,  is  explicitly  related  to  two 

aajor  HOS-device  parameters,  naaely,  g^  and  V 
(Eqn.  3). 

3.  The  rate  of  change  of  R^  with  respect  to  the 
number  of  zaps  is  approximately  linear. 

4.  Further,  this  rate  of  change  of  R^  is 

approximately  twice  the  corresponding  change  in 
*«• 

5.  Using  ARj/Rjj  »s  *  control  parameter  (p),  the 

principle  of  equivalent  aging  can  be  applied  to 
HOS  degradation  for  accelerated  aging  studies. 

6.  The  degradation  process  can  be  modeled  with  log¬ 
normal  distribution  for  relevant  lifetime 

statistical  analysis. 
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